Abstract: Eosin-Y exhibits high affinity and emission based spectral response to most of the major ions in water samples. In the present study we performed selective spectrofluorimetric analysis of manganese with eosin-Y in the presence of potential interferents. We employed green chemistry reagents, ionic liquids (ILs) and two different micelles, to suppress the effect of conventional cations and anions on the response of eosin-Y. were completely suppressed in the presence of the ILs and micelles. Additionally, the tolerance limit of Na + and Zn
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Introduction
Manganese plays a significant role in the human body as a component of enzymes and in plants for photosynthetic evolution of oxygen. 1,2 On the other hand, prolonged exposure to even low levels of manganese has toxic effects and can cause diseases such as Parkinsonian disturbances. 3 There are several analytical techniques for determination of Mn 2+ . Flame and electrothermal atomic absorption spectrometry (FAAS, ETAAS), 4, 5 inductively coupled plasma techniques (ICP-OES, ICP-MS), 6 neutron activation analysis, 7 X-ray fluorescence, 8 voltammetry, 9 and molecular absorption spectrophotometry 10 are typical determination methods. Despite their satisfactory limits of detection (LOD), ICP and AAS are costly and destructive methods. Therefore, the spectrofluorimetric method is a good alternative because of its relative simplicity, low cost, high sensitivity, realtime detection ability, and competing LOD values with atomic spectroscopic techniques. However, only a few fluorescent sensors for Mn 2+ have been reported to date. A novel recognition method for Mn 2+ ions with CdTe quantum dots was developed by Shulong et al. 11 Liang and Canary used a 1,2 bis-(o-aminophenoxy)ethane-N,N,N,N-tetraacetic acid (bapta) based fluorescent probe for detection of Mn 2+ . 12 Mao et al. employed 1,2-bis-(2-pyren-1-ylmethylamino-ethoxy) ethane on the surface of graphene nanosheets. 13 A new approach based Table 1 in terms of the sensing dye, the analysis media, linear working range, detection limit, and selectivity.
In this work, we focused on selective determination of manganese by exploiting a general biological stain and a chelate maker, eosin-Y, in imidazolium-based ionic liquids (ILs) and in micelles. It had been previously reported that the addition of cationic and anionic surfactants or micelles to the sensing media increased the sensitivity and selectivity of the analytical method. When charged surfactants (e.g., sodium dodecyl sulfate (SDS)) were used, increased relative signal changes were reported. 17 There are also some studies indicating that ILs may constitute a new class of surfactants with special properties resulting in considerable enhancements in analytical response. 18, 19 In recent years, it has also been shown that ILs supplied a stable and sensitive environment in some analytical applications. 20−22 There are increasing numbers of studies on the preconcentration or selective extraction of metal ions using ILs. 23−32 All these studies encouraged us to test some well-known ILs and surfactants as signal enhancers for the spectrofluorimetric analysis of manganese with eosin-Y for the first time. In this way, we suppressed the potential interferents and enhanced the sensitivity and selectivity of the method. LOD values extending to nanogram per liter were attained. Effects of pH and the interfering ions on spectral response were tested and evaluated. Recovery tests were successfully performed for real water samples.
Results and discussion

Spectral characterization of eosin-Y dye
Spectral characterization of eosin-Y was performed in solutions of S1-S6. Figure 1 shows the emission spectra of eosin-Y in the solutions. The dye exhibited broad emission bands ranging from 510 to 660 nm with emission maxima of 545-554 nm depending on the solution media. It should be remembered that the imidazoliumbased ILs have nonnegligible absorption and intrinsic fluorescence in the visible region of the electromagnetic spectrum, which can affect the emission of eosin-Y. However, the absorption band of the utilized ILs did not cause a significant overlap with the excitation band of the eosin-Y. Therefore, we did not observe an ILdependent decrease in the fluorescence intensity of eosin-Y up to 40% concentration of IL. However, at higher concentrations, a quenching of fluorescence intensity was observed. Thus, concentrations of the ILs in the solutions were kept between 2.14 × 10 −2 and 2.61 M. The exploited ILs in the given concentration range also did not cause any spectral shift. However, in the case of micelle forms, the dye exhibited a red shift of 3 nm in the presence of SDS. TX-100 caused a moderately longer red shift of 9 nm and a slight decrease in fluorescence intensity (see Figure 1 ). This result is in accordance with the literature, which states that at surfactant concentrations at critical micelle concentration (CMC) and above, the solubilizing effect of the micelles begins to be important. Probably, the ion-association complexes are incorporated into the micelles and this causes some new changes in spectral responses of the indicator dye.
33,34
Response of eosin-Y to different cations/anions and selectivity studies
Response of eosin-Y to metal ions was investigated by exposure to 1.0 mg L solutions (S1-S6). S1 did not contain any additive while S2-S6 contained different additives, i.e. IL-I, IL-II, IL-III, SDS, and TX-100, respectively ( Table 2 ). The tolerance limits were also calculated for the most interfering species among the tested ions. The tolerance limit is an important parameter in interferent analysis and is expressed as the maximum interferent concentration in terms of mg L −1 that causes an error of 5% in the analytical signal. The results are shown in 
Effect of pH on metal ion sensing ability of eosin-Y
The effect of pH on the emission spectra of eosin-Y was investigated in metal-free and Mn 2+ -containing buffered solutions. The solutions were prepared with a mixture of acetate buffer (0.01 M, pH 5.0) and EtOH (60:40;
v:v). pH-induced emission-based response of eosin-Y is shown in Figure 4 . The dye exhibited a decrease in signal intensity upon exposure to protons in the pH range of 3.0-9.0. The pKa value of the dye in the employed solution was calculated according to the following equation:
where I a and I b are the fluorescence intensities of acidic and basic forms and I x is the intensity at a pH near to the midpoint. The calculated pKa value is 4.79. From Figure 4 , it can be concluded that eosin-Y exhibits pH sensitivity around pH 4.76. Thus, pH of the working solutions should be kept constant with a high buffer capacity agent. In this work, we utilized 0.01 M acetic acid/acetate buffer to keep the pH constant at 5.0.
Effect of pH on determination of Mn
2+ was investigated at fixed metal ion concentration in the pH range of 3.0-9.0 in all of the working solutions. Figure 5 shows the response of the dye to Mn 2+ in additive-free solution S1. Eosin-Y exhibited the optimum analytical signal for Mn 2+ at pH 5.0 in all of the studied solutions; therefore, pH 5.0 was chosen as the appropriate working condition for further studies. This result is consistent with the literature stating that dye responses are best to the metal ion near its pKa value. 35 Table 4 shows the distribution of manganese species in aqueous environments taken from Minteq software. At working pH, all of the manganese species are in +2 forms in aqueous solutions. 100.000 Mn +2 1.0000 100.000
Response of eosin-Y to Mn
2+
Eosin-Y exhibited a distinct quenching in fluorescence intensity at around 545 nm upon exposure to ionic manganese. According to the theory, fluorescence quenching can occur by two mechanisms: dynamic and static quenching. In the case of static quenching, the steady-state absorption spectrum of the chromophore is expected to be perturbed in the presence of a quencher that interacts and forms a complex with the chromophore in the ground state. In contrast, dynamic quenching does not cause any spectral change in the absorption spectra. Table 5 reveals the analytical response parameters in all of the working solutions in terms of linear working range, calibration curve equation, limit of quantification (LOQ), LOD, and regression coefficient. The calibration curves were plotted by taking the mean values of three different solutions (n = 3) of the same medium. All of the exploited moieties exhibited a linear response to Mn 2+ with considerably high slopes, which is evidence of high sensitivity. Among them, S6
exhibited the highest slope and R 2 value (see Table 5 ). The linear working ranges were 0.01-3.0 mg L −1 and 0.001-3.0 mg L −1 for S1-S6 and S7-S9, respectively. The IL-containing compositions S7-S9 exhibited larger linear working ranges with enhanced LOQ and LOD values with respect to the surfactant-containing moieties.
The LOQ and LOD values were 1.0 × 10 −3 mg L −1 and 2.5 × 10 −4 mg L −1 for S7, which contained the optimum amount of IL-I. The LOD values were calculated by an equation using 3-fold the standard deviation of the mean value of 30 measurements of blank solutions. Presence of IL enhanced the limit of quantification 10-fold with respect to the IL-free solutions. The anionic form of eosin-Y makes an ion-pair with imidazolium cation and the analytical signal arises from the interaction of manganese with this species. Here, eosin-Y, which is a common fluorescent chelating agent, was used for the selective recognition of manganese. In this way, we obtained ten times better LOQ and higher selectivity with respect to the IL-free moieties. Table 5 . The best response was obtained for S6, where the presence of TX-100 enhanced the relative signal change from 63% to 78%. The enhanced relative signal change of eosin-Y in the nonionic surfactant at concentrations higher than CMC can be attributed to micelle formation due to the interaction of the hydrophilic head group of Triton X-100 with the aqueous solution of hydrophilic eosin-Y. The arrangement of negatively charged eosin-Y molecules around the head group of Triton X-100 forms an attractive negative site for cationic manganese ions; thus an enhancement in the relative signal change of the dye was observed. Figure 7 shows the mechanism of micelle formation and the response of eosin-Y to manganese ions in the presence of Triton X-100. When the tests were performed in the anionic SDS, a slight decrease in the relative signal change was observed due to the repulsion and disorder between the carboxylate edge of eosin-Y and the head groups of the surfactant. Thus, we can conclude that noncharged micelles are better for the analysis of metal ions with respect to negatively charged reagents. 
Determination of Mn 2+ ions in real water samples
In order to verify the accuracy of the proposed method, recovery tests were performed for S6-S9. The proposed methods were applied for the determination of manganese in ultrapure and natural drinking water samples. The recovery tests were performed by spiking the water samples with different amounts of manganese before any pretreatment. For each water sample in the investigated media, three different solutions (n = 3) were prepared and analyzed. The recorded fluorescence intensities of the water samples were employed in the calibration equations. Solution of the calibration equations yielded the mean Mn 2+ concentration of the water samples. Table 2 . The standard solutions of the metal ions were prepared by diluting certified reference standards of Merck for AAS (1000 mg L −1 ) with Millipore ultrapure water. Absorption spectra were recorded using a Shimadzu 1601 UV-visible spectrophotometer. Steady-state fluorescence emission and excitation spectra were measured using a Varian Cary Eclipse Spectrofluorometer with a xenon flash lamp as the light source. pH measurements were recorded with an Orion pH meter.
